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Revolutionary consequences for science and technology are
expected to follow the deeper understanding and control of the
structure signatures of condensed matter at the nanometric
scale. This study, combining mainly results from Rietveld
refinement of neutron and X-ray powder data with findings by
other techniques, is focussed on the structure of nanosized
ferroxides (magnetite, maghemite, M-type substituted barium
hexaferrite) and nickel cobaltites prepared by soft chemistry
methods. For Bragg scattering the interparticle interference is of
no relevance and size, surface and shape effects' structural
impact is tracked down through evidence for changing local
symmetry, interatomic distances, cation distribution and
sublattice magnetic moment compared with bulk material. The
known preference of Ni** ions to occupy octahedral spinel sites
is confirmed in Ni,Co;_,O4 (Fd-3m, 15 nm average size, 0<x<I,
six compositions) but a small fraction of tetrahedrally
coordinated nickel is established as well. The nearly linear
dependence on composition found for the Ni-occupancy per
tetrahedral site extrapolates to 0.1 for the presumably normal
spinel NiCo,0, (x=1). Effects implying a predominant volume
expansion of the tetrahedral voids come out in Fe;O4 with a
grain size increasing from 17 to 640 nm as determined by
modified Williamson-Hall plots. In acicular nanoparticles of
maghemite (y-Fe,05) the determined distribution and ordering
of vacancies is associated with formation of a tripled unit cell of
lower symmetry (P4,2,2 specified) even at the size of 240%30
nm. For BaFe ;,,(CoTi)O19 (P63/mme, x=0.45-0.85) the
evidence for higher thermal expansion anisotropy, reduction of
sublattice magnetic moments, and short-ranged magnetic
noncollinearity manifested by diffuse scattering, is related to
grain-size and (Co®', Ti'") distribution effects on the
coordination polyhedra. Preliminary results at different stages
of the study were reported in the papers listed below.
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Total scattering data from the advanced neutron powder
diffractometer, GEM, at ISIS have been used to quantitatively
characterise the disorder present in network materials. Here we
describe the unique characteristics of the instrumentation, the
reverse Monte Carlo method of data analysis and show results
from a number of different systems. These results are used to
characterise the local disorder in the o-f phase transition in
quartz, the low-temperature phase transition in SrTiOs, and the
local origin of negative thermal expansion in ZrW,Os.
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